Introduction
We tested the effect of macrophyte patch species and configuration on ammonium uptake rates using 24 hours from collection. Until installation in the flume, the two macrophyte species were stored in a 143 green house, in tanks filled with freshwater that was continuously aerated, and exposed to natural light. 144 The macrophytes were allowed to recover for two days in the green house before starting the 145 experiments. In order to be used for the experimental setup, individual plants were transplanted in 146 stainless steel trays (30  29.5  5 cm). The trays were filled with a bottom layer of river sand (4.5 cm) 147 and a top layer (0.5 cm) of fine gravel (0.2 cm grain size). A false bottom in the flume allowed the trays 148 to be inserted with the soil surface at the same level as the flume bed. Based on the naturally occurring 149 densities of the two species in the field, we constructed patches of 97 ± 28 g DW m -2 (mean ± SD) for 150 Groenlandia ('sparse' species) and 318 ± 67 g DW m -2 for Callitriche ('dense' species) (Figure 1; 151 Table 1 ). The biomass of the constructed patches was estimated by collecting all plant material within uptake rates, we also switched the species located upstream for each of these configurations (' Dense' or 'Dense-Sparse' configurations).
194
Measuring spatial patterns in 15 N-NH4 + uptake rates and canopy hydrodynamics 195 To determine spatial patterns of ammonium uptake rates by the macrophyte species, we measured 196 uptake rates at selected locations within the patches (Figure 2 ). Nutrient uptake rates were determined treatment order on uptake rates, due to plants being exposed to the labeled water for a longer time.
214
Moreover, it provided natural variability in plant structure, while maintaining a constant patch structure (y) and height (h) measurements (Table 1) through the following equations:
As the frontal area of flexible submerged macrophytes is highly variable (i.e. their shape and canopy 
The Total Kinetic Energy (m 2 s -2 ) provides a better metric for the instantaneous velocity, Reynolds shear stress (τxz, Pa) at the top of the canopy at each location was calculated as:
in which  =1000 kg m -3 is the density of the flume water. scale. The total in-patch NH4 + uptake rate for each configuration was calculated as the sum of the 308 uptake rates estimated in all sampling points (n = 6 per species; Figure 2 ). This total uptake was used as 309 an estimate of channel-scale uptake, but is not necessarily a measure of total ammonium uptake rates 310 per biomass or aerial cover. 
Results

333
Relationship between canopy hydrodynamic parameters and nutrient uptake 334 We found that the two macrophyte species affected each other's ammonium uptake rates by altering Table 2 ). However, Total KE, which is 342 more representative of the instantaneous velocity, described uptake for both species (r = 0.79, p < 0.001 for Groenlandia; r = 0.45, p = 0.03 for Callitriche; r = 0.54, p < 0.001 for both species together) 344 ( Figure 3A ; Table 2 ). No significant relationship was found between ammonium uptake rates and either
345
Reynolds shear stress or Qc (Table 2) . were influenced by both macrophyte species and spatial patch configuration (order and alignment). in the wake of a dense patch, the dense vegetation benefited from being located at a leading edge, 397 where it was exposed to higher mean velocity, compared to when it was located downstream of another Groenlandia is representative of a sparse canopy condition (ah < 0.1), where stem-scale turbulence is 456 generated within the canopy, but the velocity profile remains logarithmic. hydrodynamics and resource uptake at the channel scale. In our incubations, we focused only on uptake 498 rates of a single nutrient (ammonium), which is energetically less costly, but some species might invest 499 in nitrate uptake. This is an interesting aspect that should be explored in future studies of channel-scale 500 nitrogen uptake by vegetation. As a future perspective, we might be able to use the knowledge on these 501 types of species interactions as tools to enhance restoration success of degraded (eutrophic) sites. conditions.
